Maintenance plays an important role in the life span of equipment. The cost incurred during maintenance of machineries affects the service cost of the equipment. In other to reduce the cost and time wastage, effective troubleshooting tool is required. Power failure in earth moving equipment arises when the front-mounted "dozer" blade cannot push soil forward and create a level surface for construction site. This problem needs to be solved, so as to increase the equipment life span and productivity. This research has established that power failure in earthmoving equipment (bulldozer) results from a number of causes and the causes have been identified as faulty: torque converter, transmission system, steering system, air cleaner, turbo charger, fuel filter, injector, high water temperature and dust indicator. The maintenance service card (job card) for recording the maintenance carried out on the machine used as case study was visited. Through this, the historic data of frequency of occurrence of each problem throughout the year was collected as it affected the machine under study. Probability tree model was developed as predicting tool based on the historic information collected from the job card of the machine. Based on this probability tree, a logic was developed which lead to software algorithm development. Through this algorithm, a software was developed to enhance the speed of computation and making decision available speedingly using C # (pronounced as C sharp) computer language because of its versatility and friendly nature. The user interface of the Knowledge based system is basically divided into analyses and troubleshooting, the analyses ask the operator questions related to lack of power in the machine, and the troubleshooting tests were carried out as it affects: transmission, torque converter, steering, clutch and brake system problems. The system gave a thorough maintenance breakdown analysis of power failure of the engine under study. The decision support system has an advantage of providing the maintenance engineer a knowledge of the probable causes of problems and the required solution; however this depends on the response of the user to the questions asked in the user interface. The solutions proffered by this decision support system were evaluated by compared with the proffered solutions in the manual of the machine under study and it was found to be the same. In essence, it is recommended that this system should be used in situations where the service technicians are knowledgeable to answer the questions in the user interface of the system. The use of decision support system to solve power failure problem can result to reduction in manpower, increase assurance of project completion in time and is therefore applicable and recommended for use in manufacturing and construction industries where optimum profitable services are mostly expected.
Introduction
Equipment maintenance is a broad term used to describe the various processes that are employed to keep equipment in proper working condition. Equipment fails because its physical substance and structure cannot support the last duty required of it as claimed by (Leo, 1992; Nyberg, 1999) . In other words, a final incident destroys it because it is not physically able to withstand that incident. In some cases, the end of an equipment's life is instantaneous and without warning. Many times there is a gradual worsening of performance that can be detected. (Akinnuli, 2009; Lars, 2004) A decision support system is a computer program that simulates the judgement and behaviour of a human or an organization that has expert knowledge and experience in a particular field (Akinnuli & Olaleye, 2013) . It is a computer application that performs a task that would otherwise be performed by a human expert. Decision support systems are part of a general category of computer applications known as artificial intelligence (Cornelius, 2002; Ganglui et al., 2004) . To design a decision support system, one needs a knowledgeable engineer, an individual who studies how human experts make decisions and translates the rules into terms that a computer will understand (Clancey, 1984; Fink et al., 1984; Ying, 1998; Walwijk, 2000 ).
An artificial intelligence based system coverts the knowledge of an expert in a specific subject into a software code (Nyberg, 1999) and (Lugar & Stubblefield, 2004) . This code can be merged with other codes (based on the knowledge of other experts) and used for answering questions (queries) submitted through a computer (Hofman et al, 1988; Waterman, 1986; Charles, 2002) . Decision support systems typically consist of three parts: A knowledge base which contains the information acquired by interviewing experts, and logic rules govern how that information is applied; an inference engine that interprets the submitted problem against the rules and logic of information stored in the knowledge base: and an Interface that allows the user to express the problem in a human language such as English (Stuan & Sauter, 2006) .
It has already been seen that different tasks in engineering problem solving require different computational tools. Inference or deduction from a set of facts, which simulate intelligent decision making, plays a major role in many problem-solving tasks. Like design, activities such as planning and management also can be improved with the use of intelligent tools. Development of comprehensive software solutions in many engineering disciplines requires a seamless integration of different types of computational tools (Newton et al., 1983) . In addition, adaptation of problem solving to varying environments and requirements can be easily achieved using techniques provided by AI and decision support systems (Bylander et al., 1983; Fijany et al., 2002; Olmstadt, 2000) .
Any problem-solving process has to be transparent to the engineer. This requires that the model adopted should be simple and the process carried out in the most natural manner. It minimizes the number of transformations that the information goes through resulting in retention of clarity and simplicity of implementation (FASMAN, 2006; Garcia, 2004; Olofsson, 2000) . Expert(s) in this field needs long years of accumulated maintenance knowledge. As years are passing by, the old experts are reducing in number due to old age or death. The younger ones are not ready to stay that too long to acquire knowledge, and seeking shortest means for problem solving. In addition to these, technology is growing towards paperless means of communication which has been phasing out paper maintenance manual gradually. Hence, the development of this decision support system. This will aid reduction cost of maintenance, manpower and down time. It will make knowledge available in an easy way as well as meeting the paperless growth in communication technology. This will be a rationale of keeping the long time acquired experience of the experts, encouraging the young growing maintenance engineers, and fitter mechanics in their choosen career as plant maintenance engineer and fitter mechanics. In addition to these, this research is rebranding the paper manual now available towards paperless technology for future use.
Method
In achieving the stated objectives of this research, a comprehensive literature review was carried out on the causes and remedy of problem associated to lack of driving power in earth moving equipment. The identified causes of power failure was analysed by developing a probability tree. A logic chart (flow chart) was developed to analyse the problems and solutions detected; thereafter a software was developed and applied to solve the problems of power failure in earth moving equipment. The developed system was evaluated by comparing the predicted solution(s) to each identified problem with the solution(s) in the available paper maintenance manual of the bulldozer.
Identified Causes of Power Failure
Lack of driving power in earth moving equipment is basically due to neglected maintenance, engine problem or power train problems. when performing the same job on clay or rocky ground. (f) Was periodic maintenance performed as specified? (g) Is the machine is correctly operated? Improper selection of speed range, forcing the machine to handle a heavy load exceeding the capacity, etc. will lower the efficiency of the machine. This will cause the operator to mistakenly feel the machine lacks driving power. In essence a flow chart was developed using the probable causes of power failure in earth moving equipment.
Causes of Power Failure in Earth Moving Equipment
These causes were identified by reasons of questionnaire development and distribution to the fitter mechanics, workshop maintenance engineers, maintenance engineers, and manufactures of this system as will as interview one operators attached to this system and reading of some available maintenance manual. Based on these, the following were found to the causes of power failure: fuel below low marking, water mixed with fuel, engine and transmission oil levels not at the normal level, leakages from fuel or oil piping, clogging of air vent hole in the fuel tank cap, dust indicator operating below service level; cooling water level normal, engine water temperature not within normal operating range, torgue converter oil temperature and pressure not within operating range, quick start of the machine when transmission control lever is shifted from one position to another, clogging of fuel fitter element and wrong injection teming.
These identified problems were identified with some machine components this helps to classified them as: Torgue Converter (TC), Transmission System (TS), Steering System (SS), Air Cleaner (AC), Turbo Charger (TCH), Fuel Fitter (FF), Injector (IN), Water Temperature (WT) and dust indicator problems (DI).
These were shown in table 1 and the probabilities of their occurrence from the historical data collected from the maintenance job card of the machine are as shown in Table 2 to 9. Table 2 to Table 10 showed the identified problems as well as the rate of occurrence (frequency) and their probabilities. 
Material Requirements
In order to run the developed support system successfully on a computer, the following prerequisites must be met:
(1) Operating system: Windows 2000, NT, Server, XP professional, Vista Ultimate and Windows 7, (2) Processor speed: At least 500MHz. (3) RAM: At least 256MB. and (4) Hard disk space: At least 2GB free.
The above enumerated prerequisites are mandatory so as to enable user friendliness as well as the optimum performance of the program.
Software Development Tools
The computer language used for programming the developed model is C#. (pronounced see sharp) is a multi-paradigm programming language encompassing strong typing, imperative, declarative, functional, generic, object-oriented (class-based), and component-oriented programming disciplines. It was developed by Microsoft within its .NET initiative and later approved as a standard by ECMA (ECMA-334) and ISO (ISO/IEC 23270). C# is one of the programming languages designed for the Common Language Infrastructure. C# is intended to be a simple, modern, general-purpose, object-oriented programming language. Its development team is led by Anders Hejlsberg. The most recent version is C# 4.0, which was released on April 12, 2010. There are so many programming languages that can also be used for software development but due to C#'s versatility, efficiency as well as its user friendly interface, it is a much more preferred programming language in the world of software development.
During the usage of the program, the operator is expected to answer some questions before the procedure on failure detection and analysis. It is then required of the operator to define the specific area where the symptom reflects before the program specifically analyzes the failure and then proffers solution to the failure.
Assumptions for the Software Development
The following assumptions were made during the development of this program: (1) The structure of the program is strictly derived from experts' knowledge. (2) The fitter mechanic must have a previous knowledge about bulldozer work equipment operations in order to be able to interpret proffered solutions and carry it out. (3) The fitter mechanic must be computer operation proficient. (4) The fitter mechanic must be able to carry out proffer solutions to the problems suggested by the decision support system
Software Design Classes
The Microsoft Visual Studio interface consists of the title bar, the menu far, the standard tool bar, the ribbon or tool bar and the property bar, workspace. The interface is detailed to work with the C# interface makes the environment ready for the necessary coding. The welcome screen, log on and register interface gives the user an avenue for personal data inputs. The coding interface is the area designed to accommodate the commands, instructions and codes are written for the development of the software.
The data entry form contains codes required for accepting appropriate data items, performs necessary computation on these data items and then saves the processed data into the appropriate table in the database. The result sheet is the form that contains the outcome of the computation after necessary processing has been done.
Software Application
The picture below is the concise of all the problems that can cause lack of sufficient power in bulldozer work equipment. From the Figure 1 , this page displays immediately the operator launches the diagnose section of the program which in turn prompts the operator to select the corresponding suspected area(s) of machine operation that needs to be corrected in the machine which is dissected into seven sections. Each section will be addressed according to the necessary steps to be taken by the operator as well as the order in which the program has been designed. 
Results
In this section, the results of all the failures analysed and their respective procedures to solve the problems are shown and discussed in details. The program developed deals with the various failures in bulldozer work equipment failure and obviously shows the necessity for speedy, stress free and cost effective means of machine repairs. The Figure 1 is the concise of all the problems that can cause lack of sufficient power in bulldozer work equipment. www.ccsenet.org/emr Engineering Management Research Vol. 3 No. 2; This research work has established that: (i) power failure in earthmoving equipment (bulldozer) results from a number of causes and the causes have been identified. (ii) to troubleshoot power failure problem in bulldozer, a flowchart was used for algorithm development easier procedure and faster solution, prediction, (iii) the developed software (Decision Support System) and the mathematical model are faster, time saving, manpower reduction, quick in action and economical in solving power failure problem in work equipment. (iv) the developed software is able to predict the possible cause of power failure in bulldozer. (v) the results in equipment, manual and were found to be same (vi) the use of decision support system to solve power failure problem in bulldozer caused reduction in manpower, cost of hiring experts for repair and maintenance, increase assurance of project completion in time and is therefore applicable and recommended for use in manufacturing and construction industries where optimum profitable services are mostly expected.
Discussions
The results of the diagnosis by the decision support system shows that the various identified problems in this case study were proffered with solutions. The developed probability tree model used as tool for predicting solution(s) to the identified problems worked perfectly and was able to predict exact solution(s) as found in the manual of the machine under study.
The probability tables and the mathematical models were used to predict the possible cause of power failure and avoid doing the first thing last. From the job card problems, associated with the fuel fitter such as, fuel leakage, water mixed with fuel, element clogging has the highest number of occurrences indicating the highest number of time of cause of power failure that invariably confirms the information gathered from the fitter mechanics.
The causes of the power failure problems can easily be traced and diagnosed with data entry. The program is quick and faster in detecting faults and causes of power failure in the work equipment than human experts. It makes the troubleshooting to be stress-free and eliminate trial-and-error which may result to damage of work equipment parts. The maintenance process in this decision support system changed from the old concept of fix-it-when-it-broke to a more complex approach, which entails a better maintenance strategy of a more integrated approach. The program will enable the parts of the power system to be assessed and the conditions can be evaluated easily and quickly without necessarily seeing the parts or removing them. This will enable operators and engineers to solve power failure problem quickly and faster and eventually reduce down time to the barest minimum.
Any development is an endless process. Although, so many expert systems and decision support systems have been developed over the years, there are still more opportunities to develop as many as possible in different fields addressing various problems that can be found in such field.
For example, in this work, information utilized to develop the program has been used independently and the results have increased performance in machines.
The major work that can be done in this respect is to develop more decision support systems that can accommodate several kinds of problems and their respective solutions.
Further software can be developed which can detect failure, analyze it and proffer the solution automatically in other machines apart from this case study (bulldozer). This will increase assurance of project completion in time, reduced cost of hiring experts for repair and maintenance and also create an optimized profile that can be used for absolutely easy problem solving environment in the engineering world.
